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* The Measurement of Dynamic Structural Stresses in a Light
Armoured Vehicle

S.J. CIMPOERU, B.E., M.Eng.Sci., GradlEAust,

Ship Structures and Materials Division, Materials Research Laboratory, DSTO Australia-

SUMMdARY The measurement of dynamic stresses in the structural armour of an LAV-25 light armoured vehicle is described
along with a preliminary analysis of the data. Stresses were measured using strain gauge rosettes mounted at critical locations as

the vehicle traversed over a range of terrain types. The mean, root mean square and maximum effective stresses for selected strain
gauge locations are compared for the different terrain types. Overall, the measured operating stresses will provide the dynamic
stres data essential for a correct laboratory simulation of the service environment of an LAV-25.

1. NTODUCTION separately measured internal stres data to drive servo-

hydraulic fatigue testing machines so that realis~tic fatigue
The LAV-25 is an eight wheeled light armnoured fighting andi stes-corrosion testing can be performed as part of an
vehicle which is armed with a 25 mmr chain gun, mounted in overall study into the crackting problem.
a revolving turret Fig 1. Vehices such as these are beingNv

acquired by the Australian Army for reconnaissance

* operations in Northern Australia. A high hardness steel that

has been quenched and tempered is used for the construction

of its structural armour. This class of material has the

potential to develop cracks unde certain environmental and

* service conditions. Since such cracking may affect both the

structural integrity and ballistic protection of these vehclsM

a research program was initiated to bette understand and

develop ek&cve solutions to minimise any through-ift

cracking problems which may arise. This is a difficult

problem as such cracking can develop as a result of careless Figure 1: An LAV-25 vehicle in the field.
vehicle fabrication, i.e. loose material specifications as well

as poor plate cutting and welding procedures. Moreover, 2. EXPETI NTAL

such cracking can also be exacerbated by fatigue loading and Pm GrndCue

stress corrosion, espeially in the presence of high residual
stresses. Part of the research program (the current paper) The test vehice was rauled by being driven around a selected
involved the mewasrement of the int-service stresses in the test circuit at the Monegeetta Proving Ground of the
structural armou of an LAV-25 as it traversed a range of Australian Army Engineering Development Establishment.
terrain type at the Aumnulian Armays Monegeetta proving Table I detals the comtponent sections of the test circuit. The

ground, namely, bitumen corugaed, and -rve roads chaactermtia of each of the terain type are self-
togethe with a cross-country coree- As well as providing expluuutty, except for the Hierringbone' Rippe-ar Course

inSbgt into the magnitue of the dynamic stresses at various Fig. 2. Ths latter twiain as used to simoulate the oorrugaton
critical locatiouui this dafta will be used in coqjanctoua with rippies that awe afn found in d~bc - roads. The
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herringbone ripple-bar pattern simulated roads with terrain directly ahead of the vehicle and the response of the

corruga•ons that are off-set from each wheel. suspensn.

Terrain Characteristics Distance 2.2. Strain Gauge Installation

First Class Road normal bitumen 3.6 km
road Twelve strain gauge rosettes were mounted at potential

Herringbone regularly spaced cracking sites on the hull of the test vehicle. These locations
Ripple-Bar Rough hemngbone 209 m

Course concrete ripples were chosen after considering likely stress concentration sites

Second Class Road a graded gravel 4.5 km as well as crack locations in similar vehicles. Fig. 3(a) and

road (b) depict the gauge locations. The trial was conducted in two

Cross-Country an ungraded dirt phases so that the strain data from eight initially placed
Course track with large 1.4 km

pot-holes gauges (Rosettes A to H) could be inspected and used to help
determine the locations for the final six gauges (Rosettes I to

Table 1: Characteristics of the test circuit. N). This procedure also minimised the possibility of placing

the majority of the gauges in low stressed regions of the hull.

Figure 2: Segmt of Hringbone p ar (a)

Course at M eet The vehicle
traversed this course from the left to right.

The trial required a number of laps or runs around the test

circuit because only 6 data channels were able to be recorded

at any one time. The vehicle was driven at maximum safe

speed over each of the circuit sections. This ensured that the

vehicle travelled at a repeatable speed over each section of

the course and that the stresses in the vehicle were

ni-ned, ipact loads bean speed depedent. The vehicle (b)

wa tuialed at combat mass with nm axle load exceedig the

recoammoded m limit. The tyre Ielmaies vim set to 426 Figure 3: Strain gauge rosete locations on the test
Vehicle.

kPa (62 p.s.i.) and checked at the start of each day.

Forty-five degree 350 tQ rosettes, type Micro Measurements
A ncod amr was alm employed for some of the CEA.46-25OUR-350 (6.4 mm grid guglen1th), wee used

nm so awin in re vees v ide beck to die urnsin. for anl masurements except for RoseWe L and M which were

The amma was •g fim te vehicle to reord bah the •the CA.64.-12.JR.350 type (3.2 e g2rid grid e 1Oh).
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AD augs wreplaar yp thee lemntrostte, hosn 73. Strain Gauge Instrumentatbn

laverage' s rai edin~g ovraBuearea larger than just the moe23lstanguempierThfurcecbews

gauge length of an individual grid. While this is a cosrte ofwo wiedpreah fwnhws

disadvantage with high strain gradients, this factor wa no individually shielded. Such wire was used to mxms

considered to lead to significant errors i an the current proteto against electrostatic and electromagnetic
inteferece (1). The amplifiers were set to a gain of 1000

and were also used to condition the signals by filtering out

Each rosette was waterproofed after application to prevent signals above 1 kHz- An eight channel Racal VStorMT tape

moisture ingress which would otherwise reduce the recorder recorded the conditioned signals on relatively

insulation resistance to ground, leading to noise as well as inexpensive VHS video tapes. This unit was set to a 5 kHz
gauge instability and drift (1). Firstly two thin clear coals of bandwidth, and as well as having a combined voice log / data

M-Coat AT" were applied shortly after pauge application. channel also had a compensation channel which acted as a

Short jumper leads were then soldered to connect the control during playback to compensate for tape flutter caused

terminals of each rosett to bondable terminal pads mounted by shock loading. During the trial one channel became

-2 cmn awa from the rsteterminals. These Short jumper feulty, and data was only able to be recorded on six channels.

leads were intended to allow a finite cable displacement, Only two rosettes were therefore recorded for each run over

thereby protecting the rosetts from damage, in cue the the trial circuit. The recorder was mounted on an anti-shock

terminal pad to which they were soldered was pulled isolation mon and surrounded by foam cushioning for the

accidentally during the trial, trial, as with the rest of the insrumentation in the vehicle.

All instrumientation was powered by 240 volt AC power,
A strun gueinsulationt resistance tester was then used to obtainedi via an inverter from three 12 volt truck batteries.

-adl doec indvidual grid resistances and overall set

insulation resistances at the terminal pads, in the proc-ome 2.4. Aclrmtr

confirming the intgrity and labelling of the straingae

cables. After this, the orintations of the sumai gauges were Acceleration measurements were also nade at the front and

caretdly recorded and a Ihteral coat of opaque M-Coat D~m back of the vehicle so that the st1se in the vehicle could be

applied to th. mowets, jumper leads, bondable termiams ad compared with ride severity. However, a complete

ends~~~~~~~~~~~~~~ o*h cbigTecotnsoa -O kt celrion-time history was only recorded for a few rnms

thorn~~~~~~~~~~~~ mse -oio u ohwtrpoigadmcuia eiu of limited tapse recorder channel capacity. The

proction, Fursty, a soft dhee of Butyl ratber was pr-esse analysis of this data is not included in this report

~he ~ ~ ~ ~ prNevertheless, both accelerometers weni monitored for all

1~ershus wre hen ppled o povid prwcnn ~ rumwith an RM.S Analyser on unfiltered mode which
wida imact. Fnaly, layr o alminum apewas imp zieditel determained the value of the RMIS acceeration

appled fr ma elsio aganst lowng ~ ,~ afte each run. These RMS values gave a good estimate of
M~ouD' einguse to ealmimi~ ~ The ~ the severity of the terain and therefI P a quick meaur of

poap protction was concded by secaftuingte cabin to the equivalence of repeated runs over the trial course This is

the vdcs aftg wrupre a" and edb4iu. essential if the $arsse for d10en 1w s reore on
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separate runs of the vehicle around the test circuit, are to be 3.2. RMS Accelerations

compared meaningzlly.
Table 2 details the mean as well as the range of the root

The accelerometers were of the piezoresistive type and were mean square (RMS) accelerations that were measured for
mounted beneath the drvers seat and at the base of the fuel each section of the trial circuit No fgures ae given for the
tank ler neck at the rear of the vehicle. Both front accelerometer for the Ripple-Bar Rough Course as the

accelerometers were aligned to the vertical plane with a peak acceleration values for this section often exceeded the
posiive acceleration being towards the roof of the vehicle, limits of the RMS Analyser (-10g), causing the RMS

acceleration to be underestimated. The front of the vehicle
3. RESULTS AND ANALYSIS erie much higher accelerations than at the vehicle

3.1. Data Examination During Trial rear The greatest stresses may therefore be expected in the

front of the vehicle structure when the Rough Course is
The data output was monit•red real time on an LCD display negotiated.

of the tape recorder durimg each run around the trial circitL

This ensured that a section of the circuit was immediately The RMS accelerations were, in general, relatively constant

repeated i, for instance, a cannel had over-tannel, for their three sections of the circuit, with the ride severity

of the Second Class Road only increasing to a high value on
At the concusion of each run, the tet vehicle was halted and a rainy day (RMS accelerations of 1.25 and 1.30). A notable
the data replayed on a oscillogmph to check if the data was e was the Cross-Counny Course where the track was

correctly recorded. A hard copy of the data was produced broken up over the course of the trial leading to a gradual
which also gave an overview of the strain gauge output to increase in ride severity.

assist with aer amalys

First Class Rough Course Second Class Cross-Country
Road (g) (9) Road (g) Course (g)

Front Acculeromer 0.94 (0.84-0.99) - 1.08 (0.87-1.30) 0.97 (0.80-'.20)

RearAccea e-oreter 0.12 (0.12-0.13) 0.50 (0.43-0.55) 0.13 (0.12-0.13) 0.22 (0.20-0.26)

Table 2: Mean and range (i parentheses) of RMIS acceleration levels measured for each terrain type, where acceleration
is Sivn in gS' (9.81 mr-2).

I& DigW to Analoe Conversion According to Nyquise theory a time history must be digitised
at twice the frequency of the highest frequency of interest so

Uznku .t the analogte to digital co r terlt M can be duct (2), bu in order to fly
usd to didet he dat fo this paiur anlyi was ddaracterise the pks and troughs of a signal, greater

rig1ially deged for real-4ine dyigmt•ofsrn '• gge sampling rs are required. For instance, a I klz sampling
Ap~is ad wa a*y Able to accep 64 Iffyte per chund. prae is sufcient to characterise signals which have

MWi unOMel~y limited the length of recording Mue that
mpoens of -100 H7 This digiatimon frequency wascould be dilud in one n m, as it was dkimm ht a tdln frit used for the preliminary analyses of this pap.;

hig emough digidmndon rafe was med so thu enough daft

palim could be aqIn'd to suffiaud defne the pek and In orde ID provide a enhawaigo comparison of the ieuI trugh oftheuran~dne istryat fth Vatissa rstt locadons, the defta for the same

obsacles of each seudan of the trial chirci wer digitisul.
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Samples of 8 s length were taken from the First Class Road

data, beginnig at a location where engine braking

commenced on a right-hand bend. Samples of 16 s length

were taken for the Rough Course, Second Class Road and

Cross-Country Courses. The samples for the latter two

courses were talken in the vicinity of specific series of bumps

that could be readily identified from the strain-time history.
0 2 3

When the blaixal strain gauge data was converted miDt

principal stesses, it was found that there were maried (a)

variations in the principal an&l with saress at many roswet

locations. The vehicle structure simply behaved in a

nonlinear manner at thewe positions because it was subjected

to a combination Of no1-pro)POrtioaisreses All digitised

data was therefore converted into effective stress (3), the

uniaxial. equivalent of the measured biaxial stress state. As

well as being readil mremble, such data can be used to

drive servo-hyruic hftig testing machines

Fig. 4 shows examples of the stress-imae histories (b

-experienced by Rosefte C over the trial cours. These are

'xrssdas dbctive stesses which are always positive.

3.4. Meainred Stresses

Table 3 rcom;pares the mean, RMIS and maximum stresses at Ws

each of the lelocations, for selected portions of the trial1 *

circuit Table 4 summarises the stressesP measured on the ¶ $

front glacis plate at various engine speeds when the vehicle

was revved whilst stationary. RMS mtesses we qute i (C)

Tables 3 and 4 becnaue they account for the variance of the

steissmas wellutheir meanvaluus

.4, Sagaicant me Me weredeeoped in the front gSaims plate[
because of engine brating (e~g. the maddeni icrase in srs ,
at 0.75 s in Fig. 4(a)). This is priibibly relatd to vibrations

from the bo iermits of the engine bWaking system beung

tr-atio d to the slaws plate These boomtr unim were 2 S 4 5 0 ? S

bolted so moinst Ia bra *ul which es wed to the imer (d

sieof fth eIu siawa The -odtio of the tw -- tn

bunhesir aprud.aly dnm a Fi 3~),by heFigure 4: striemess-tim plot for Roomt C: (a)I - re ppaima*defn4 n FS 3f bythelimFirs Class Road, (b) Rough Comse, (c)
johimin Routs C aid N as wll n M ud Lrespectively. Secoad Class Road, (d) Croms-Cou
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Rosette C was positioned on the outer-side of the glacis plate, MEAN STRESS (MPa)

approximately 15 mm from the root of the weld thatw Rosette 700 rpm 1700 rpm 700-3000
rpm

used to fasten a mounting bracket onto the inner-side of the

C 1.0 1.8 2.6
glacis plate. Rosettes N, M and L were positioned to evaluate N_ .___.N 0.6 0.8 1.4
the stresses at the other ends of the mounting brackets and L_._09__.L 0.9 0.9 0.9
were mounted at similar distances from the ends of the

mounting brackets on the outer-side of the glacis plate as for M 1.3 1.7 1.7

Rosette C.
JtMS STRESS (M•a)

MEAN STRESS (MPa) Rosette 700 rpm 1700 rpm 700-3000

Roete First Rough Second Cross- rpm

Class Course Class Country C 1.0 1.9 2.8

A 0.5 1.0 1.1 0.9 N 0.7 1.0 1.5

F 0.4 2.8 2.0 2.7 L 1.0 0.9 1.0

C 2.9 11 6.1 4.5 M 1.4 1.9 2.0

N 1.5 9.9 3.4 3.2

L 1.0 4.6 3.1 3.2 MAXJMUM STRESS (MPa)

M 2.9 12.3 5.2 5.0 Rosette 700 rpm 1700 rpm 700-3000
rpm

RMS STRESS (M*a) C 3.8 5.1 8.7
---- N 2.6 4.3 3.8

Rosette First Reno Seeaod Crims- - 2._43_.
Class Cose Class Country L 2.6 2.6 3.0

A 0.7 1.1 1.1 1.1 M 4.0 5.3 8.6

F 0.8 3.3 2.2 3.5
Table 4: Effective stresses measured at various

C 3.2 12 7 5.4 engine speeds while the test vehicle was
N 1.8 11 4 3.8 stationary, where engie speed is given in

the common engineering unit of
L 1.1 5.1 3.3 4.2 revolutions per minute (rpm).
M 3.4 15 6.1 6.4

- - -3.5. Noise Spikes

MAX- IUM ST- ESS W W) A visual ispection of the strain-Ume data showed that spikes

Rul MMnd Cro- r y occurred simultaneausly oan all dcinnels at a

clan CoM Class coo" frequency Just 1ve 100 Hz. Not tbat these spikes am not

A 3.4 4.2 4.0 4.5 vislb in Fig. 4. An FFT of a sample dam set confirmed this

F 2.5 8.2 6.3 11 hafquency to be 109 Hz. While these spikes were first thought
~to be noie associated with .the switchizig of the DC-AC

C 11 31 16 24
iNv7ter dot pomwed the insuation in the vehicle, theN7.1 30 13 17i

L 2.9 16 11 41 stam Pw amplen may also have caed te problem

"-N -1 71 -- Te 4- l '- amplifier tha wee usd, have in the pMK 1 71 21 49ojn
-,,,n bee to exhat smil nois spi•es whm used at high

Tale 3: lwd a i msues m for se vims in qiuater'bide cousigmainsm as with the w st

"" o &W s MM eMOOM . While the noise RRik er M
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considered to lead to significant errors in the statistical data Overall, the measured dynamic stresses are low in

in Tables 3 and 4 they will in any case be filtered out before comparison to the material yield stress (nominally 1590

the data is used to drive servo-hydraulic testing machines. MPa) and would not normally be expected to cause fatigue

4. DISCUSSION cracking problems. However, cracking may possibly develop

in conditions where there are high residual stresses and/or
While the mean and RMS stresses in Table 3 and 4 appear y s caused by welding of the high

insignificant, the collated data is still a meaningful way to hardness plate during vehicle fabrication. This is especially

compare the seventy of the stresses at the various strain the case where a corrosive environment is present which may

gauge locations for the difterent terrain types. In any case, result in a potential for stress corrosion cracking. The stress
the maiu stress fables show the actual stress levels that measurements outlined in this paper will allow the fatigue
can typically be reached for each experimental condition. and sress corrosion susceptibility of the high hardness

Table 3 shows that Rosettes C and K~ mounted at the base of armour to be determined using typical in-service loads.

the brackets of the brake booster units, have the greatest S. CONCLUSION

response. The highest stresses are found in the Rough and An examination of the stress-time data from field testing of
the CrosConr Courses, the Rough Course being the most an LAV-25 vehicle revealed particular locations that are
severe as expected. In comparison, Rosettes A and F on the relatively highly stressed. The dynamic structural stresses in

caps of the Shock absorber towers experience much lower the vehicle can be related to the terrain traversed as well as

.Note that Rosettes A and F experience similar vibration associated with engine operation and braking.

stresses on both the Rough and Cross-Country Courses Overall, the measured stress-time histories will provide the

whereas the glacis plate rosettes experience their greatest dynamic stress data essential for a correct laboratory

sses on the Rough CoMr. The ma2imum messes for simuation of the service environment

Rosettes L and M in the Cross-Country Corse are probably

somewhat high as the data sample was recorded when the 6. ACKNOWLEDGMENTS

front of the vehicle hull was accidentally slammed into the These sess measurements were conducted as a collaborative

side of a wheel rut. This is a rather severe loading case as project with the Armoured Fighting Vehicles Group of the

stresses from the terrain are normally imparted to the vehicle Australian Army Engineering Development Establishment

structure via the vehicle sspenion. (EDE), which also provided an LAV-25 vehicle and the use
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7. tZINCZS

Rosettes C and M were found to ave the highest stresses

with sipificnt somises being meured when running (1) "Strain Gape Installation and Protection in Field
bEnvironment" Measurements Gropw, Inc.,

bet 700 -d 3000 rpm. In pine, it appar tha Techmical 1ip 607,1983. W .
stussm odau wit ezio opestm m an I 1'14

ro(2) Prem, W. K, et a/. "Num icl Recis - The Art

ompmmt ofth** lads n the f to glacis plw The mia, of Sciic Com Camnbridg University
m amclaed with the opimauln of the enine N g Press, New York, 1966, p. 381.
ialm impiarum saownby thre m i incease(in 3 () Dieter, G.E. "Meanical Mml , Graw-
wb g. Hill, Tokyo, 1981, p. 89.

,n mae II co mmenced (,.& 0.75 a in Fig. 4(a))-

547


